Parks and open green spaces are an important part of the city landscape. Although studies show that proximity to parks and open green spaces has a mostly positive impact on house prices, several studies also report that crime in parks can affect buyers' perceptions, making nearby properties less desirable. We examine the effects of park proximity and crime in parks on apartment prices by using geographic information systems and hedonic modelling. Our results indicate that grass parks and park blocks are more desirable than landscape parks and neighbourhood parks in Stockholm. Our findings also confirm that parks in Stockholm's city centre have a greater impact than parks on the periphery of Stockholm. Low-crime parks affect apartment prices positively.
Introduction
During the past few decades, urbanization has posed some major challenges for cities around the world, with one challenge being a great demand for safe parks and open spaces. Although some studies have shown a positive effect of park proximity on house price values (Anderson and West 2006; Morancho 2003; Troy and Grove 2008) , other studies have shown that parks can often depress property prices (Groff and McCord 2011; Jim and Chen 2010; Kou and Sullivan 2001) . A small number of studies have also shown that house buyers avoid properties located near parks and open spaces with high crime rates (Troy and Grove 2008; Iqbal and Ceccato 2015) . In addition, studies have been conducted on other factors (disamenities) such as air pollution (Harrison & Rubinfeld 1978) , traffic noise (Wilhelmsson 2000) and traffic congestion (Li & Brown, 1980 ) that may contribute to pulling house prices down.
Although concern about safety issues in parks is growing, a gap remains in the literature on the effect of crime in parks on house prices. Instead, much of the attention has been recently devoted to questions concerning the impact of park proximity. The fact that these questions have been primarily raised by American researchers highlights a great gap in European and Scandinavian research (Iqbal and Ceccato 2015) . To address this gap, Iqbal and Ceccato (2015) recently analysed all sales of apartments in Stockholm city for 2008 so as to assess whether the effect of proximity to park and open green spaces on apartment value is conditional upon neighbourhood crime level. They also discussed how different types of parks affect apartment prices differently.
The aim of this study is to contribute to the literature on the impact of crime on housing prices in the Scandinavian context. Specifically, this study investigates the effect of the amenity value of accessibility to parks and open green spaces on apartment prices with reference to crime rates. Whilst controlling for property and other location attributes, this study relies on geographic information systems (GIS) to measure accessibility in the form of the shortest distance from a park to apartments in Stockholm. This study adopts two innovative approaches. One approach involves employing the location attribute by using the shortest distance to a park as a main variable. The shortest distance to a park variable is considered a better choice than using park as an aggregate measure (Iqbal and Ceccato 2015) . A second approach involves investigating the effect of park types on housing prices. Our main hypothesis suggests that parks as an environmental amenity have a substantial impact on apartment prices in close proximity, but this impact varies with specific park types, for instance, grass parks (GPs), neighbourhood parks (NPs), landscape parks (LPs) and park blocks (PBs). To the best of our knowledge, these specific park types have not been previously used for Stockholm.
The remainder of this article is organized as follows: a review of the recent literature is given in section Earlier studies. The methodology used is outlined in section Method. Descriptions of the area of study and the data are presented in section Area of Study and Data. The results of the study are presented in section Results and Discussion. The study concludes with some final thoughts about how our findings contribute to current research in section.
Earlier studies
Several empirical studies have sought to estimate the effects of proximity to neighbourhood parks and crime in parks on house prices. Table 1 summarizes the results of recent studies (selected between 2001 and 2015) that have considered the association between the location of parks and house prices (there are also a few examples in relation to crimes). A closer look at the previously published studies reveals that the effects of park proximity on house prices yield inconsistent results. In Table 1 , most of the studies found a positive link between house price and accessibility to parks, but some reported mixed results. Espey and Owusu-Edusei (2001) found that in Greenville, South Carolina, attractive small parks have a significant positive effect on house prices within a 600-foot radius of the related park but that "not particularly attractive parks" (with playgrounds and some grassy areas) affect house prices negatively within a 300-foot radius of the related park. Kong, Yin, and Nakagoshi (2007) pointed out that proximity to scenery has a positive amenity impact at the 5% significance level; however, the size-distance of the park and the size-distance of the plaza were not significant even at the 10% significance level.
In their investigation of the external effects of neighbourhood parks and landscape elements on the value of high-rise private residential units in Hong Kong, Jim and Chen (2010) found that neighbourhood parks are highly valued and that people are willing to pay more to have a harbour view than a mountain view. In addition, they found a street view to be negatively associated with sales price. A study by Anderson and West (2006) for instance, the value of proximity to neighbourhood parks is higher in neighbourhoods with more children. Moreover, proximity to neighbourhood parks, special parks and golf courses increases the sales price of an average house. They also found that proximity to parks may buffer against the negative effects of high crime rates on sales prices.
The association between parks, open spaces and crime has been discussed by many researchers. Groff and McCord (2011) found that urban parks are strongly associated with an increase in crime in parks and adjacent communities. However, research has also revealed the presence of accessible, safe parks to be an essential ingredient to a healthy community life (Hillborn 2009). One challenging aspect of public open spaces and parks as a public good is that nobody is in charge of these publically owned spaces (Groff and McCord 2011; Iqbal and Ceccato 2016) . Based on their examination of neighbourhood parks in urban areas, Groff and McCord (2011) suggested that crime is not distributed evenly across parks within an urban area and that neighbourhood park "environs" (an area within 50 feet of the park) play an important role in whether a certain park is considered a crime generator. In addition, they observed that some park environs have many crimes, whereas others have few or none. They also found that where parks are concerned, mixed land use reduces crime. Larger parks that generate more activities in parks have lower crime levels, which in turn are connected to greater numbers of people using these parks (Groff and McCord 2011) .
Poorly designed places can create opportunities for criminal activity or criminal behaviour.
Parks showing signs of physical deterioration -for instance, unmaintained places, graffiti and litter -might be considered a type of disamenity by nearby residents (Wilson and Kelling 1982) . The absence of capable guardians might result in a situational opportunity for motivated offenders (Cohen and Felson 1979) . Michael, Hull, and Zahm (2001) reported that offenders can use parks as sites for selecting targets and for disposing stolen goods. In their direct examination of the relationship between crime in parks and property values in the Baltimore housing market, Troy and Grove (2008) found that neighbourhood crime levels affect housing prices negatively. Their findings suggest that park proximity is positively valued in the Baltimore housing market, whereas robbery and rape rates influence house prices negatively. They also found that a 1% increase in distance from a park decreases house prices in Baltimore by 2.2%. In the Swedish context, Iqbal and Ceccato (2015) found a positive relationship between apartment prices and parks and a negative relationship between apartment prices and crime in parks and crimes in adjacent areas. Their initial results from a buffer analysis of around 40 parks in Stockholm suggested that apartments near parks are highly valued by people in Stockholm. They detected a 10% decrease in the average price within 100 metres of a neighbourhood park and an 18% decrease within 150 metres. They also pointed out that types of parks do affect apartment prices differently. Playgrounds and schoolyards are considered a valuable amenity by residents; however, a lack of maintenance makes large natural area parks a disamenity. When it comes to crimes, parks with high violence and vandalism rates tend to decrease apartment prices -especially on the periphery of Stockholm, whereas apartments in the centre of Stockholm tend to have higher prices (Iqbal and Ceccato 2015) .
Method
Hedonic modelling is the most common method used for evaluating house prices in this study. Hedonic modelling can be explained as a relationship between dependent and independent variables (Rosen 1974) . No strong agreement exists as to the correct number of independent variables to include in a hedonic regression analysis (Malpezzi 2002) . There is large number of potential housing characteristics available that could be included as independent variables. Researchers have suggested that a homeowner not only buys a property but also considers its locational characteristics, such as housing structure, neighbourhood and environmental characteristics (Wilhelmsson, 2000 , Kong, Yin, and Nakagoshi, 2007 , Wilhelmsson, 2008 and Ceccato and Wilhelmsson, 2011 . A number of statistical models were run to test the relationship between apartment prices, parks and crime rates in parks. The modelling strategy is composed of four steps.
First, by using a non-spatial instrument variable (IV) regression method, accessibility to parks is estimated by calculating the shortest distance to all parks in Stockholm. The shortest distance was calculated with MapInfo Professional 11.0. The distance calculator tool in MapInfo performed this analysis and returned with a list of dummy variables with the distance to parks from the apartments: (1) shortest distance to all parks and open green spaces, (2) distance to the nearest GPs, (3) distance to the nearest NPs, (4) distance to the nearest LPs and (5) distance to the nearest PBs. This procedure is entirely different from that used in a previous study by Iqbal and Ceccato (2015) , which focused on all park attributes and all types of parks. In the hedonic price equation distance included as distance and square of distance, that is, a non-linear relationship. Crime rates in parks are estimated using statistics on crime rates in areas where the park is located as a proxy for crime rates in the park. We have defined a binary variable indicating if the park has a crime rate below the average (variable name:
low-crime park). The instrument variable approach is used in order to control for endogeneity of crime rates (see Gibbons, 2004 , Tita et al, 2006 , and Ceccato and Wilhelmsson, 2011 . To address the endogeneity bias we have instrumented crime rates with homicide and spatial lagged independent variables because they are highly correlated with crime rate, but not with apartment prices. Homicide rates have earlier been used in Ceccato and Wilhelmsson (2011) and spatial lagged variables have earlier been used in Mandell and Wilhelmsson (2015) . First we have regressed crime against all instrument variables and all independent variables in the hedonic model and, later, we have regressed apartment prices against all independent variables and the expected crime rates. The functional form of the hedonic price equation is using a flexible multi-parameter Box-Cox model (see Halvorsen and Pollakowski, 1981) in order to find the best-fitting transformation. It has for example earlier been used in Wilhelmsson (2000) . All variance estimates are based on White heteroscedasticity-corrected standard errors.
Second, as the spatial dimension is always present in real estate data, spatial econometric modelling approach is employed because it may create biased and inefficient estimates for the implicit prices. However, uncritical use of spatial econometric may cause problems in the interpretation of individual implicit prices (see Wilhelmsson, 2002) as the imposed spatial structure may be correlated to the included independent variables. A specific-to-general test procedure proposed by Elhorst (2010) and used in Berggren et al (2017) is used. The first step, as discussed, is the estimation of the IV-model. For spatial dependency LM-tests (Anselin, 1988, and Anselin et al, 1996) as the best spatial model, log likelihood ratio test and AIC/BIC will be used in order to test SDM against SEM. Moreover, AIC/BIC is used in order to select spatial weight matrix (see Elhorst 2010) . The choice of spatial weight matrix is somewhat arbitrary. Four different spatial weight matrixes namely inverse distance, inverse square distance, binary with a cut-off of 2000 meters and five nearest neighbours will be used.
Third step is to test for spatial parameter heterogeneity. The existence of park in the neighbourhood is hypothesized to be different in the inner-city and in the suburbs. In the city centre open spaces are rare and in the suburbs open spaces are more frequent. It is reasonable to assume that the implicit price concerning accessibility to parks and accessibility to lowcrime parks are different in the inner-city and in the suburbs. This hypothesis is tested by estimating a spatial IV-model by including interaction variables between accessibility to parks and crime rates to a binary variable indicating if the apartment is located in the inner-city or in the suburbs. Inner-city is defined as within 4600 meters from CBD.
Fourth
Step, accessibility to four specific park types (GPs, NPs, LPs and PBs) was modelled through the shortest distance to these four types of parks. The shortest distance to the nearest park allows the calculation of the distance between points in two different data sets.
Area of Study and Data
Stockholm is experiencing a dramatic population growth, and the population is predicted to be We encountered some challenges and limitations whilst conducting research for this article.
First, only those crime incidents that happen in parks were used. This means that it is difficult to determine the location of a crime that happened in a large park covering several square kilometres. This problem has been previously mentioned by many researchers (see Chainey and Ratcliffe 2005) . In this situation, it is better to relate certain localities or points of reference (e.g. playground, football field in the park). Second, crime rates were calculated by selecting the total resident population as a denominator, which is, unfortunately, not an appropriate indicator and may cause bias (Wikström 1991) . Researchers have also suggested that the lack of demographic data and land use data used to create the ratios often limits crime analysis over time (Ceccato & Wilhelmsson, 2011) . The total number of users in each park might be considered a good indicator (Iqbal and Ceccato 2015) , but such data were not available. meters from a subway station. Only 1 percent of the apartments are with 100 meters from a train station or a motorway. On the other hand, more than half of the apartments are within 300 meters from a main street. Approximately 10 percent have access to water within 100 meters. As a complement to the binary variables we are also using distance to central business district (CBD). The average distance to CBD is 4600 meters with a standard deviation of 3200 meters.
Results and Discussion
In all statistical models, apartment price was used as the dependent variable that is influenced by the independent variables -that is, attributes related to the apartment structure, neighbourhood characteristics, different types of parks and crimes in parks. All these variables are tested in separate models. The results presented in Table 2 . The R-squared value indicates 80% of the variation in apartment prices in the whole of Stockholm. All estimated parameters regarding apartment attributes are statically significant except for elevator. It is only the coefficient concerning balcony that have an unexpected sign. As expected, apartment price is directly associated with the year of construction, the number of rooms and the living area, and is inversely related to the age of the building. The proximity to water has a positive and highly significant effect on apartment prices. These results are consistent with a previous study by Jim and Chen (2010) where waterfront view is valued more than Mountain View. Moreover, the proximity to commuting subway stations has no significant effect on apartment prices in the 30-metre range. However in the 50 meter range it has a positive effect on apartment prices. The distance to the city centre seems to have a negative effect on apartment prices, which was expected according to the theory and previous empirical studies (Iqbal and Ceccato, 2015; Ceccato and Whilhelmsson, 2011) . In corroboration with some of the findings of a previous study by Iqbal and Ceccato (2015) , the present analysis indicates that the impact of proximity to a park on apartment prices is positive. Park proximity variables (shortest distance to all parks and open green spaces) have a positive relationship with apartment prices (at a 5% significance level) for the whole of Stockholm. These findings are consistent with earlier conclusions that residents prefer living near to parks and open green space (Iqbal and Ceccato, 2015; Ceccato and Whilhelmsson, 2011; Saphores and Li, 2012; Jim and Chen, 2010, Troy & Grove, 2008) . The overall burglary rates have a negative impact on apartment prices. The results presented in model 2 suggest that low-crime park has a positive effect on apartment prices. That is, the households have a willingness to pay for the proximity of a park or open space but even more if it is a low crime rate park. These findings are consistent with the previous findings by Troy and Grove (2008) where crime is considered as an important factor when differentiating parks as amenities or disamenities. The next step is to estimate the SDM model with inverse distance as spatial weight matrix.
The SDM will be compared to the SEM model. Both models are presented in Table 4 . What conclusions can be drawn from the SDM and SEM estimations? First, spatial dependence is present as both rho and lambda are highly significant different from zero. Second, all estimated parameters concerning apartment attributes and neighbourhood characteristics have the same sign and magnitude as in the IV-model. Third, the SDM model estimate both direct effects and indirect effects which make it harder to interpret the results.
However, the results suggest that the effects of parks seem to be smaller than in the IV-model and corresponding t-values are lower. An F-test concerning if all estimated parameters concerning parks and low-crime parks shows that they are jointly significant different from zero. Fourth, the tests concerning if SEM can be used instead of SDM is inconclusive. The likelihood ratio test and AIC suggest that SDM is preferred but then the BIC suggest that SEM can be used. As the interpretation is easier in the SEM specification than in the SDMspecification, SEM is going to be used in the rest of the paper.
As all variables have been Box-Cox transformed it is not obvious how to interpret the coefficients. Therefore, the park effect on apartment prices has been calculated (see Figure 2 ).
On the vertical axis is apartment price presented and on the horizontal axis is distance to CBD presented. As shown, the expected price of the standardized apartment declines with the distance from the park. The effect is larger for low-crime parks. The spill over effect from parks is narrow as the price effect declines rapidly in the range 0-50 meters. After 50 meters Our findings show that the effect of park proximity on apartment prices is strongly related to the distance of parks. The impact of parks on apartment prices is different in the different segments of the apartment market in Stockholm. These findings support with previously published results (Iqbal and Ceccato 2015) . They found that apartments located close to parks near/within the city centre have a higher selling price than apartments located close to parks on the periphery of Stockholm. They also point out that high crime rates lead to decreased apartment prices, thus attracting people with weak resources. The result seems to suggest that the impact of parks is higher in the inner-city but the impact of low-crime parks seems to be lower in the inner-city. One reason could be that many of the parks in the inner-city have a higher crime rates than the parks in the suburbs, that is, it could be difficult to distinguish the effect of inner-city versus low-crime parks. Moreover, the results suggest that the effect of burglaries is higher in the inner-city than in the suburbs. However the estimate is not statistically significant. Visualized, the park effect on apartment prices in inner-city and suburbs are presented in Figure 3 . It is clear that the impact of parks in the suburbs is much narrower than in the inner-city. The decline in price is very steep in the range 0-25 meters in the suburbs while in the inner-city the decline is steeper in the range 0-50 meters. The magnitude in the decline is also more evident in the inner-city. In order to test the effect of different park types effects on apartment prices four different models were tested, one for each type of parks. The results are presented in table 6 and figure 4. Our results also confirm that specific types of parks have varied effects on apartment prices in Stockholm. The results of this study indicate support for the claim that GPs and PBs may be thought of as places that can improve the quality of life and overall well-being (figure 4).
Some possible reasons could be that these types of parks consist mainly of green space and have no major activities as they are not in extensive use and may be considered an amenity by inhabitants of Stockholm. The results for LPs and NPs can be associated with the large area size and the issue of poor maintenance (Iqbal and Ceccato 2016) and extensive use of parks (Schroeder 1982) . In other words, extensive use of parks may decrease the amenity value of being closer to such types of parks. Schroeder (1982) indicated that naturalness, upkeep and absence of crowds are important features associated with high-quality parks and recreation sites. 
Conclusions
In this paper, we used the hedonic modelling approach to analyse the amenity value of proximity to parks and open green spaces so as to test the relationship between apartment prices and the proximity to parks and green spaces in Stockholm, Sweden. Spatial data analysis was used as an input into the hedonic models. Although the methodology used in this work is different, the results are in line with some of the previously reported empirical results and confirm that the proximity of parks as an environmental amenity has an effect on apartment prices (Iqbal and Ceccato 2015) . Our results also demonstrate that the impact of parks on apartment prices is different in the different segments of the apartment market in Our findings suggest that buyers in Stockholm may be willing to pay an extra amount of money for an apartment that is near a park, but there might be some other issues related to poor maintenance or criminogenic conditions of the park. Based on the existing literature, this study proposes that not all parks have equal amenity value: some may be negatively valued, and crime in parks as a source of environmental stigma is one of the most likely factors explaining this variability, which is also linked to the distance to the city centre. It is also worth mentioning that crimes in parks have a considerable influence on apartment prices and that the distance from a park to apartments is used to calculate this effect. This study also concludes that crime in parks must be considered in perspective with crimes in the neighbouring areas because any park with high crime rates is usually associated with high crime rates in the surrounding area.
We believe that the results of this study can contribute to current research and provide a comprehensive picture of crime conditions in parks and their impact on housing in Stockholm. We also believe that several attributes including proximity, amenities, maintenance and safety are important for encouraging park use and can help in community organization campaigns. The findings of this study may also be of help to the retail market in Stockholm and to Swedish planning officials by revealing possible ways to improve the conditions in parks for urban safety and for crime prevention. The results of this study can be of interest for homeowners and potential buyers to use this research to decide whether to invest when buying a property near a park. These results may also support police and other expertise in the field and be helpful in deterring crime by engaging people of the area to improve overall urban safety and well-being in Stockholm. 
APPENDIX

Notes
Grass parks are lawn areas that are good for walking, running and sitting. They do not contain anything more than grass and (unfortunately) dog excrement. Grass parks are mostly categorized under city district parks. Their area size varies between 5 and 50 hectares, and they are mostly available within 500 meters (City of Stockholm 2006) . Landscape parks are mostly located in the valleys between the districts in the suburbs. Their intensively farmed landscapes include meadows and pastures, plantations, peaceful grass fields, streams and other bodies of water. These parks are also teeming with playgrounds and sports fields. They are categorized under city district parks. Their area size varies between 5 and 50 hectares, and they are mostly available within 500 meters (City of Stockholm 2006) .
Park blocks
Neighborhood parks are smaller parks and are often interspersed throughout the settlement. They often have a single function because of their small size. They also complement the bigger parks, recreation sites, wild nature trails and flower plots. Neighborhood parks are categorized under local parks. Their area size varies between 0.5 and 5 hectares, and they are mostly available within 200 meters (City of Stockholm 2006) .
